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(57) Abstract 

The invention relates 
to a cellular radio system 
and a method for adjusting 
transmit power during 
call set-up in a cellular 
radio system comprising in 
each cell at least one base 
station (100) and a group 
of subscriber equipments 
(108*112) communicating 
with one or several base 
stations. In the method, 
the signal-to-noise -ratio 
between a subscriber 
equipement and a base 
station is estimated before 
an actual connection is 
set up. In order that the 
new connection would not 
interfere with the existing 
connections, in the method 
according to the invention 
a value with which the 
desired signal-to-noise 
ratio is obtained is 
calculated for the transmit 
power of the transmitter 
(100, 108-112). A certain 
initial value is calculated 

for the transmit power by means of the power-control parameters of the system and a given time constant, and the transmission is started 
with the calculated initial value, and the transmit power is increased from the initial power to said value during the given time constant. 
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A method for adjusting transmit power during call set- 
up, and a cellular radio system 

Field of the invention 
5 The present invention relates to a method for 

adjusting transmit power during call set-up in a 
cellular radio system comprising in each cell at least 
one base station and a group of subscriber equipments 
communicating with one or several base stations, and in 
10 which method the signal-to-noise ratio between a 

subscriber equipment and a base station is estimated 
before an actual connection is set up. 
Background of the invention 

The present invention is applicable for use in 
15 . all cellular radio systems and in so-called WLL 

(Wireless Local Loop) systems that are interference- 
limited, and especially in a radio system utilizing 
code division multiple access. Code division multiple 
access (CDMA) is a multiple access method, which is 

2 0 based on the spread spectrum technique and which has 

been applied recently in cellular radio systems, in 
addition to the prior FDMA and TDMA methods. CDMA has 
several advantages over the prior methods, for example 
spectral efficiency and the simplicity of frequency 
25 planning. 

In the CDMA method, the narrow-band data 
signal of the user is multiplied to a relatively wide 
band by a spreading code having a considerably broader 
band than the data signal. In known test systems , 

3 0 bandwidths such as 1.25 MHz, 10 MHz and 25 MHz have 

been used. In connection with multiplying, the data 
signal spreads to the entire band to be used. All users 
transmit by using the same frequency band 
simultaneously. A separate spreading code is used over 
3 5 each connection between a base station and a mobile 
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station, and the signals of the different users can be 
distinguished from one another in the receivers on the 
basis of the spreading code of each user. 

Matched filters provided in the receivers are 
5 synchronized with a desired signal, which they 

recognize on the basis of a spreading code. The data 
signal is restored in the receiver to the original band 
by multiplying it again by the same spreading code that 
was used during the transmission. Signals multiplied by 
10 some other spreading code do not correlate in an ideal 

case and are not restored to the narrow band. They 
appear thus as noise with respect to the desired 
signal. The spreading codes of the system are 
preferably selected in such a way that they are 
15 mutually orthogonal, i,e. they do not correlate with 

each other. In practice the spreading codes are not 
orthogonal, and the signals of the other users hinder 
the detection of the desired signal by distorting the 
received signal. This mutual interference caused by the 
20 users is called multiple access interference. 

The more simultaneous users there are in the 
system, the greater the multiple access interference. 
Therefore the capacity of the CDMA cellular radio 
system is restricted by the above -described mutual 
25 interference caused by the users. The interference can 

be reduced by keeping the power levels of the signals 
from the terminal eguipments as equal as possible in 
the base station receiver by means of accurate power 
control. The base station then monitors the powers of 
30 the received signals and transmits power control 

commands to the terminal eguipments. 

A known problem in interference- limited 
systems is the selection of the transmit power used at 
the beginning of the communication over the connection. 
35 A known solution is to start transmitting with a 
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minimum power that is then increased by fixed steps. 
The disadvantage of this method is that it does not 
take into account the loading situation of the cell 
which may vary greatly, but it operates in a similar 
way in every situation. 

In another known method, disclosed in Finnish 
patent application 952,396 that is incorporated herein 
by reference, the signal-to-noise ratio is estimated 
between a subscriber equipment and a base station in 
the uplink direction before the actual connection is 
established, and the transmit power is selected so that 
the desired signal-to-noise ratio is obtained. The 
disadvantage of this method is that since the terminal 
equipment starts transmitting directly with a power 
15 that is different from the minimum power, the 

transmission interferes with the other terminal 
equipments, which in turn must increase their transmit 
power in order to obtain a sufficient signal-to-noise 
ratio. In such a case, the total interference in the 
20 network increases needlessly. 

Summary of the invention 

The purpose of the present invention is to 
implement a method with which the correct transmit 
power is selected for obtaining the required signal -to- 

25 noise ratio and wherein the transmit power is increased 

to the desired level in such a way that no interference 
is caused to the other connections, taking into account 
the loading situation of the cell. 

This is achieved with a method of the type 

30 described in the preamble, characterized in that a 

value with which the desired signal-to-noise ratio is 
obtained is "Calculated for the transmit power of the 
transmitter, and that a certain initial value is 
calculated for the transmit power by means of the 

35 power- control parameters of the system and a given time 
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constant, and that the transmission is started with the 
calculated initial value, and that the transmit power 
is increased from the initial power to said value 
during the given time constant. 
5 The invention also relates to a cellular radio 

system comprising in each cell at least one base 
station and a group of subscriber equipments 
communicating with one or several base stations, and in 
which cellular radio system at least some transceivers 
10 comprise means for estimating the signal-to-noise ratio 

between a subscriber equipment and a base station 
before an actual connection is set up. 

The cellular radio system according to the 
invention is characterized in that at least some 
transceivers comprise means for calculating for the 
transmit power of the transmitter a value with which 
the desired signal-to-noise ratio is obtained, and 
means for calculating a certain initial value for the 
transmit power of each transmitter by means of the 
power-control parameters of the system and a given time 
constant, and that at least one transmitter comprises 
means for starting transmission with the calculated 
initial value, and means for increasing the transmit 
power from the initial power to said value during the 
25 given time constant. 

The arrangement according to the invention can 
be applied in both transmission directions, i.e. for 
adjusting the initial power of the transmitter of both 
the base station and the subscriber equipment. 
30 In an arrangement according to the preferred 

embodiment of the invention, the base stations measure 
the total interference of the signals received from the 
terminal equipments and transmit a pilot signal with a 
predetermined transmit power. For the purpose of call 
35 establishment, the terminal equipments measure the 
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power levels of the pilot signals arriving from' the 
base stations that are in a list of nearby base 
stations maintained by the terminal equipment. The 
attenuations over the connections between the terminal 
5 equipment and the base stations are estimated by means 

of the pilot signals, and the signal-to-noise ratio 
between the subscriber equipment and the base station 
in the uplink transmission direction is estimated on 
the basis of the total interference measured at the 

10 base station, the aforementioned attenuation over the 

connection, and the assumed transmit power of the 
terminal equipment. 

In the method according to the invention, the 
total interference in the network is smaller than 

15 previously. Minimization of the total interference is 

essential in interference -limited systems, especially 
in CDMA systems. In systems where the traffic load 
varies, the optimal power level for call establishment 
can be obtained in each situation by utilizing the 

20 method according to the invention. The power level is 

not increased by fixed steps, but the rate of increase 
depends on the situation. The traffic load varies 
especially in systems with several different types of 
connections, such as speech and data connections, that 

25 have considerably different capacity requirements. 

Description of the drawings 

In the following, the invention will be 
described in greater detail with reference to the 
examples according to the accompanying drawings, in 
3 0 which 

Figure 1 illustrates a cellular radio system 
where the method according to the invention can be 
applied, 

Figures 2a and 2b illustrate the power control 
35 method according to the invention, and 
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Figure 3 is a block diagram illustrating' the 
structure of a transceiver in a cellular radio system 
according to the invention. 

Description of the preferred embodiments 
5 The method and the system according to the 

invention will be described below in greater detail 
using as an example a CDMA cellular radio system 
utilizing a pilot signal, without restricting the 
description thereto, however. The method can be applied 
10 correspondingly in all interference -limited cellular 

radio systems. Also, the invention will be described 
below using as an example a situation where the initial 
power of a terminal equipment is adjusted. However, the 
invention can also be applied in a base station, as it 
is clear for a person skilled in the art. 

Figure 1 is a diagram of a cellular radio 
system where the method according to the invention can 
be applied. The cellular network comprises a number of 
base stations 100, 114 that communicate on a certain 
20 traffic channel with subscriber equipments situated 

within their area. In the case of a CDMA system, a 
traffic channel thus consists of a broad frequency band 
that is used by all terminal equipments when they 
transmit to the base station, and correspondingly, a 
25 similar frequency band is used in the downlink 

transmission direction, the base station transmitting 
to the terminal equipments situated within its area on 
this frequency band. In the situation illustrated in 
the figure, terminal equipments 110 and X12 communicate 
30 with the base station 100 > and a terminal equipment 108 

communicates with the base station 114 . 

In the system illustrated in Figure 1, each 
connection typically uses a separate spreading code 
having a bit rate, i.e. a chip rate, that is 
35 essentially greater than the data rate, the information 
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to be transmitted being multiplied by the spreading 
code and thus being spread to the broad frequency band. 
On the basis of the spreading code, the receivers can 
distinguish the desired signal from the other signals 
5 transmitted on the same frequency band. The same 

frequency band is used in the area of each base station 
100, 114. 

Several prior art CDMA systems use a so-called 
pilot signal that is transmitted by each base station 

10 and that is used for the detection of base stations, 

for power measurement and for enabling coherent 
reception in a mobile station. A pilot signal is a 
data-unmodulated spreading- coded signal that is 
transmitted to the coverage area of the base station in 

15 the same manner as the actual traffic channels. In 

fact, the coverage area of the pilot signal determines 
the cell size of the base station, since the terminal 
equipments use the pilot signal to facilitate call 
establishment. 

20 The base stations thus transmit a pilot signal 

continuously, and the spreading codes used for 
transmitting the pilot signals of different base 
stations differ from each other in such a way that a 
terminal equipment can identify the base stations by 

25 means of the pilot they have transmitted. 

Subscriber equipments continuously measure the 
pilot signals. In order to reduce the measurement load 
of a terminal equipment, in the prior art systems each 
terminal equipment keeps a list of the base stations 

30 that are situated near the terminal equipment and that 

are possible candidates for handover or call 
establishment, and of the corresponding spreading codes 
of the pilot signals. This list will be called below a 
measurement list. The terminal equipments monitor with 

35 the highest priority the pilot signals of only those 
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base stations that are on the measurement list. The 
other detected pilot signals are measured secondarily. 

Subscriber equipments continuously measure the 
quality of pilot signals transmitted from different 
5 base stations. This is necessary for maintaining the 

connection quality of the terminal equipment. On the 
basis of the measurements, it is possible to perform a 
handover, if necessary, to a base station providing 
better connection quality. In a CDMA system it is also 

10 possible that the terminal equipment communicates 

simultaneously with more than one base station, which 
is called macrodiversity. The measurements of the pilot 
are also essential during the call set-up, since the 
terminal equipment selects the base station providing 

15 the best connection when it transmits a call-set-up 

message . 

Each terminal equipment thus has a list of the 
base stations that are situated near the terminal 
equipment and that are possible candidates for handover 

20 or cal1 establishment, and of the corresponding 

spreading codes of the pilot signals. The terminal 
equipment measures all the pilot signals it detects, 
but the signals from the base stations on the 
measurement list are measured more often than the 

25 others, since a handover or call set-up is more likely 

to be performed to those base stations than to base 
stations situated further away. The aim is to save the 
measurement capacity of the terminal equipment and to 
direct it to signals whose changes should be detected 

3 0 rapidly. 

In the following, the method according to the 
invention will be described first on the assumption 
that the signal-to-noise ratio over a connection 
between a terminal equipment and a base station and the 
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corresponding transmit power are estimated in the 
terminal equipment. 

The base stations transmit information on 
control channels to the terminal equipments concerning 
5 the transmit power P ttPilot used for transmitting the 

pilot signal. Each terminal equipment measures the 
power Pr.puot with which each pilot signal is received 
from each base station. On the basis of this 
information and the power measurement it has performed, 
10 each terminal equipment can calculate* the attenuation 

L over the connection between the base station and the 
terminal equipment, i.e. the attenuation of the 
transmitted signal over the radio path, according to 
the following formula : 

15 

P*. pilot 

The base stations also transmit information on 

20 the control channel to the terminal equipments about 

the interference level I tot they have measured in the 
uplink transmission direction. This information is 
transmitted from the base stations to the terminal 
equipments whenever the information changes, i.e. 

25 whenever there are significant changes in the 

interference level. It is then possible to forward to 
the terminal equipments the interference data of 
several base stations situated nearby. 

In the arrangement according to the invention, 

3 0 the signal-to-noise ratio in the uplink transmission 

direction, i.e. from the terminal equipment to the base 
station, is estimated. The actual transmission 
direction does not have to exist for the estimation to 
take place. This is the case in a situation where the 

3 5 terminal equipment does not communicate with any base 
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station, and it selects the base station to which it 
transmits the call -set -up message on the basis of the 
estimate it has calculated and the measurements of the 
pilot signal. The connection quality of the uplink 
5 transmission direction is thus estimated in advance. 

The terminal equipment performs the estimation 
by first calculating the attenuation over the 
connection between the base station to be estimated and 
the terminal equipment in the manner described above. 

10 The terminal equipment still stores information about 

the transmit power P^ it has supposedly used, which 
power can be selected in such a way that the estimated 
SIR can be adjusted to a suitable level on the basis of 
several estimation rounds, if necessary. 

15 The terminal equipment further divides the 

transmit power P^ by the attenuation L over the 
connection. The estimate SIR for the signal-to-noise 
ratio in the uplink direction is then obtained by 
dividing the aforementioned divided power by the total 

20 interference of the base station from which one has 

subtracted the effect of the signal from the estimating 
terminal equipment: 



SIR = 



25 J «* -77 



When the amount of calculation is to be 
reduced, it is possible to calculate for the signal-to- 
noise ratio a less accurate estimate where the effect 
30 of the signal of the estimating terminal equipment has 

not "been removed from the total interference of the 
base station: 
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SIR = -A- 



The SIR has been described above as the ratio 
of two powers, but it can also be defined, if desired, 
by means of other units, such as decibels- 
5 If the estimation is not performed in the 

terminal equipment but in the network, for example in 
the base station, the estimation can also then be 
performed in the above -described manners and by using 
the formulas- However, the terminal equipment must 

10 transmit on the control channel information to the base 

station about the received power level of the pilot 
Pr.piiot a 11 ^ about the assumed transmit power of the 
terminal equipment P^. Correspondingly, the base 
station does not have to inform the terminal equipments 

15 of the total interference X coc . 

Since the terminal equipment does not 
communicate with any base station, the signalling 
between the base station and the terminal equipment 
takes place on the general calling channels. 

20 The above -described method thus provides the 

transmit power that produces the required signal-to- 
noise ratio SIR. The transmit power can also be 
estimated by other methods than the one described 
above . 

25 In the method according to the invention, the 

terminal equipment does not start transmitting 
immediately with the transmit power calculated above, 
so that additional interference in the total 
interference of the system would be avoided, instead, 

30 the method according to the invention comprises 

calculating the initial power P itMS with which the 
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transmission is started and from which the power is 
gradually increased to the calculated value. A suitable 
initial power can be calculated on the basis of the 
calculated actual power level and the power-control 
5 parameters of the system, for example with the 

following formula 

P. » p * ^PCxate 

wherein denotes the updating rate of the power 

control in the system, i.e. the length of time between 
the ad j ustments of the power of the terminal 
10 equipments. t aetvp denotes a time constant during which 

the transmit power is set to a level that has been 
calculated in advance. 

The transmit power of the terminal equipment 
is thus increased to the desired level according to the 
15 normal power control updating rate of the system during 

a given time constant t setvp . The method is illustrated 
by way of example in Figure 2a. The horizontal axis of 
the figure shows the time and the vertical axis shows 
the transmit power of the terminal equipment. Assume 
that the transmission of the terminal equipment begins 
at a moment t 0 . The transmission is then started with 
the initial power level of P i#MS . The power control 
updating rate of the system is and the next time 

the power is adjusted is at a moment t 0 + tpc race - t 2 and 
25 correspondingly at moments t 2 and t^. In the example of 

the figure, the desired power level P^ is thus obtained 
by three steps. In an actual situation, the number of 
the steps is naturally different and varies depending 
on the situation. 
30 According to an embodiment of the invention, 

the calculated power level P^ is updated during the 
power control, and when the loading of the system 
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changes, the desired signal-to-noise ratio SIR' and 
therefore also the desired power level may change. The 
situation is illustrated in Figure 2b. Assume that the 
transmission of the terminal equipment begins at the 
5 moment t 0 . The transmission is then started with the 

initial power level Pi tMS that has been calculated on the 
basis of the transmit power determined by the 

desired signal-to-noise ratio. Assume that at the 
moment t 2 it is detected that the desired signal-to- 

10 noise ratio SIR has changed. The transmit power P^ 

corresponding to the new ratio differs from the one 
calculated previously. Correspondingly, if the total 
interference J tot changes, the transmit power must be 
changed in order to obtain the desired SIR. A new power 

15 control step is then calculated on the basis of the 

current transmit power. In the example of Figure 2b, 
the length of the step decreases. 

Examine below the structure of a transceiver 
used in a cellular radio system according to the 

20 invention. Figure 3 illustrates a transceiver of a 

cellular radio system where the method according to the 
invention can be applied. The transceiver may be 
situated either in the base station equipment or it may 
be a subscriber equipment. The structure of the 

25 equipment is similar in both alternatives in the 

elements essential to the invention. 

The transceiver comprises means for encoding 
300 the signal to be transmitted, the signal encoded 
with the means being supplied to means 302 for 

30 interleaving the encoded signal. The output signal of 

the interleaving means is connected to the input of 
means 304 where the-burst to be transmitted is formed. 
The obtained signal is supplied to modulation means 308 
that have an output signal that is supplied via a 
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transmitter unit 310 and a duplex filter 312 to an 
antenna 314. 

The transceiver further comprises a receiver 
unit 316 where the received signal is converted into an 
5 intermediate frequency, and converter means 318 where 

the signal is converted into a digital form. The 
converted signal is supplied to detection means 320 
from where the detected signal is supplied further to 
deinterleaving means 322 and to means 324 where the 
10 received signal is decoded i.e. subjected to both 

channel and speech decoding. The equipment further 
comprises control and calculation means 326 which 
control the operation of the other aforementioned 
blocks. The control and calculation means are typically 
15 realized by means of a processor. 

The base station equipment according to the 
invention comprises means 320, 326 for measuring the 
total interference of the signal received from the 
terminal equipments, and means 300-314, 326 for 
20 transmitting a pilot signal with a known transmit 

power. Correspondingly, the subscriber equipment 
comprises means 320, 326 for measuring the power of the 
pilot signal it has received from the base station. If 
the system is a CDMA system, the receivers, which are 
25 typically realized with the rake principle, have a 

detection block that normally comprises several 
receiver branches at least one of which is a so-called 
searcher branch that measures the strengths of the 
pilot signals. 

30 A transceiver according to the preferred 

embodiment of the cellular radio system of the 
invention also comprises means 320, 326 for estimating 
the attenuation over the connection between the 
terminal equipment and the base station by means of the 

35 received power of the pilot signal and the power used 
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in the transmission. The transceiver of the cellular 
radio system according to the invention further 
comprises means 320, 326 for estimating the signal-to- 
noise ratio of the uplink direction and the required 
5 transmit power P MS on the basis of the total 

interference and the attenuation over the connection 
measured according to the above-described method. The 
transceiver further comprises means (326) for 
calculating a certain initial value P itM s f° r the 

10 transmit power of each terminal equipment on the basis 

of the power-control parameters of the system and a 
given time constant. 

In the system according to the invent ion , at 
least one terminal equipment (108-112) comprises means 

15 (310, 326) for starting transmission to the base 

station (100) with the calculated initial value, and 
means (310, 326) for increasing the transmit power from 
the initial power to the aforementioned value during a 
given time constant t secup . 

2 0 Even though the invention is described above 

with reference to the example according to the 
accompanying drawings , it is clear that the invention 
is not restricted thereto, but it can be modified in 
many ways within the scope of the inventive idea 

25 disclosed in the appended claims. 
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Claims : 

1. A method for adjusting transmit power 
5 during call set-up in a cellular radio system 

comprising in each cell at least one base station (100) 
and a group of subscriber equipments (108-112) 
communicating with one or several base stations, and in 
which method the signal-to-noise ratio between a 
10 subscriber equipment and a base station is estimated 

before an actual connection is set up, charac- 
terized in that 

a value with which the desired signal-to-noise 
ratio is obtained is calculated for the transmit power 
15 of the transmitter . (100, 108-112), and that 

a certain initial value is calculated for the 
transmit power by means of the power-control parameters 
of the system and a given time constant, and that 

the transmission is started with the 
20 calculated initial value, and that 

the transmit power is increased from the 
initial power to said value during the given time 
constant . 

2. A method according to claim 1, c h a r a c- 
25 terized in that the signal-to-noise ratio 

between the subscriber equipment (108-112) and the base 
station is estimated in the uplink direction, and that 
the initial transmit power is adjusted in the 
subscriber equipment. 
30 3. A method according to claim 1, charac- 

terized in that the signal-to-noise ratio 
between the subscriber equipment (108-112) and the base 
station (100) is estimated in the downlink direction, 
and that the initial transmit power is adjusted in the 
35 base station. 



WO 97/07600 



PCT7FI96/00444 



17 

4. A method according to claim 2, charac- 
terized in that 

the base stations (100) measure the total 
interference of the signals they have received from the 
5 terminal equipments (108-112) and 

transmit a pilot signal with a predetermined 
transmit power, and that 

for the purpose of call set -up , the terminal 
equipments measure the power levels of the pilot 
10 signals from the base stations that are on the list of 

nearby base stations maintained by the terminal 
equipment, and that 

the attenuations over the connections between 
the terminal equipment and the base stations are 
15 estimated by means of the pilot signals, and that 

the signal-to-noise ratio between the 
subscriber equipment and the base station in the uplink 
direction is estimated on the basis of the total 
interference measured in the base station, said 
20 attenuation over the connection, and the assumed 

transmit power of the terminal equipment. 

5. A method according to claim 4, charac- 
terized in that the estimate for the signal-to- 
noise ratio is obtained by dividing the assumed 

25 transmit power of the terminal equipment by the 

estimated attenuation over the connection and by 
calculating the ratio of the value obtained in this 
manner to the total interference measured in the base 
station. 

30 6. A method according to claim 5, charac- 

terized in that the effect of the connection in 
question to the total interference has been subtracted 
from the total interference before the estimate for the 
signal-to-noise ratio has been calculated. 
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7. A method according to claim 1, charac- 
terized in that the transmit power is increased 
from the initial power to the calculated power level 
according to the power control updating rate of the 

5 system. 

8. A method according to claim 1, charac- 
ter i z e d in that the calculated power level to 
which the transmit power is increased is updated 
according to the power control updating rate of the 

10 system, 

9. A method according to claim 1, charac- 
terized in that a certain initial value is 
calculated for the transmit power by multiplying the 
ratio between the power control updating rate of the 

15 system and the given time constant by the final desired 

value of the transmit power. 

10. A cellular radio system comprising in each 
cell at least one base station (100) and a group of 
subscriber equipments (108-112) communi eating with one 

20 or several base stations, and in which cellular radio 

system at least some transceivers (100 # 108-112) 
comprise means (320, 326) for estimating the signal-to- 
noise . ratio between a subscriber equipment and a base 
station in the uplink direction before an actual 

25 connection is set up, characterized in 

that at least some transceivers (100, 108-112) comprise 
means (326) for calculating for the transmit 
power of the transmitter a value with which the desired 
signal-to-noise ratio is obtained, and 

30 means (326) for calculating a certain initial 

value for the transmit power of each transmitter (100, 
108-112) by means of the power-control parameters of 
the system and a given time constant, and that 
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at least one transmitter (100, 108-112) 
comprises means (310 , 326) for starting transmission 
with the calculated initial value, and 

means (310, 326) for increasing the transmit 
5 power from the initial power to said value during the 

given time constant. 

11. A cellular radio system according to claim 
8, characterized in that said transceiver 
(108-112) is situated in the subscriber equipment. 
10 12 . A cellular radio system according to claim 

8, characterized in that said transceiver 
(108-112) is situated in the base station (100) . 

13 . A cellular radio system according to claim 
11, characterized in that the base 
15 stations (100) comprise 

means (320, 326) for measuring the total 
interference of the signals received from the terminal 
equipments , and 

means (310) for transmitting a pilot signal 
20 with a predetermined transmit power, and that at least 

one terminal equipment (108-112) comprises 

means (320, 326) for measuring the power 
levels of the pilot signals received from the different 
base stations, and in which cellular radio system at 
25 least some transceivers (100, 108-112) comprise 

means (320, 326) for estimating the 
attenuations over the connections between the terminal 
equipment and the base stations by means of the pilot 
signals, and means (320, 326) for estimating the 
30 signal-to-noise ratio between the subscriber equipment 

and the base station in the uplink direction on" the 
basis of the total interference measured in the base 
station (100) , said attenuation over the connection, 
and the assumed transmit power of the terminal 
35 equipment (108-112) . 
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14. A cellular radio system according to claim 
11, characterized in that the means (320, 
326) for estimating the signal-to-noise ratio between 
the subscriber equipment and the base station are 

5 situated in the subscriber equipment (108-112) . 

15. A cellular radio system according to claim 
11, characterized in that the means (320, . 
326) for estimating the signal-to-noise ratio between 
the subscriber equipment and the base station are 

10 situated in the base station (100) . 

16. A cellular radio system according to claim 
11, characterized in that at least one 
transmitter comprises means (310, 326) for increasing 
its transmit power from the initial power to the 

15 calculated power level according to the power control 

updating rate of the system. 

17. A cellular radio system according to claim 
11, characterized in that at least one 
transmitter comprises means (310, 326) for updating the 

20 calculated power level to which the transmit power of 

the terminal equipment is increased according to the 
power control updating rate of the system. 



WO 97/07600 



PCT7FI96/00444 



110 



1/2 



V, MS 



Fig. 1 



104 




100 





106 



Y 

- 1 — i 112 



MS y 



108 



Y 



MS 




118 



114 




A 

P MS " 



p i,MS " 



A 

P MS1 
P MS2 + 



p i,MS ■■ 



*0 *1 *2 *3 ^ 

— I 1 1— 1 H^- 



l PCrate 



-+- ' ' ' 

4 0 *1 { 2 *3 



'setup 



t setup 



Fig. 2a 



Fig. 2b 



9707600A1_L> 



WO 97/07600 



PCT/FI96/00444 



2/2 




INTERNATIONAL SEARCH REPORT 



International application No. 
PCT/FI 96/00444 



A. CLASSIFICATION OF SUBJECT MATTER 



IPC6: H04B 7/005 

According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC6: H04B, H04Q - , 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

SE,DK,FI,N0 classes as above 



Electronic data, base consulted during the international search (name of data, base and* where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 4 



Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



WO 9319537 Al (TELEFONAKTIEB0LAGET LM ERICSSON), 
30 Sept 1993 (30.09.93), abstract 



WO 9502950 Al (NOKIA TELECOMMUNICATIONS OY), 
26 January 1995 (26.01.95), abstract 



W0 8804498 Al (BRITISH TELECOMMUNICATIONS PUBLIC 
LIMITED COMPANY), 16 June 1988 (16.06.88), 
abstract 



1-17 



1-17 



1-17 



J Further documents are listed in the continuation of Box C. | X 1 See patent family annex. 



* Special categories of cited rtortimmtr 

"A" document defining the general state of the act which is not considered 

to be of particular relevance 
*Ef etUcr t**^*—***** but published on or alter the l irt '*f fl a ti i ?n a1 ffflpg date 

'If document which may throw doubts oa priority ctaimf i) or which is 
ctod to establish the publication date of another citation or other 
special reason {as s pecifie d) 

'O* document referring to an oral disclosure, use, exhibition or other 



t p u bUsfa ed prior to the intentattenal filing date but later than 
the priority date claimed 



T* later ''^^ published after the international filing date or priority 
date and not in conflict with the application but dted to understand 
die principle or theory underlying the invention 

"X" docum ent of particular relevance: the Hiimr** invention cannot be 
considered novel or cannot be considered to involve an inventive 

*Y * document of particular relevance: the claimed invention cannot be 
considered to involve an inventive step when the document is 
combinrd with one or more other such documents, such combination 
being obvious to a person skilled m the art 

document mtmh"' of the same patent family 



Date of the actual completion of the International search 



14 January 1997 



Date of mailing of the international search report 

15.01.1997 



Name and mailing address of the ISA/ 
Swedish Patent Office 
Box 5055. S-102 42 STOCKHOLM 
Facsimile No. +46 8 666 02 86 



Authorized officer 
Mikael Sollerhed 

Telephone No. +46 8 782 25 00 



Form PCT/IS A/210 (second sheet) (July 1992) 



BNSDOCID: <WO_ 



_97076O0A1J_> 



INTERNATIONAL SEARCH REPORT 
Information on patent family members 



28/10/96 



International application No. 
PCT/FI 96/00444 



Patent document 


Publication 


Patent family 


Publication 


cited in search report 


date 




member(s) 


date 


W0-A1- 9319537 


30/09/93 


AU-B- 


659308 


11/05/95 








?1/1f1/Q^ 
cl/ XU/ So 




BR-A- 


9305449 


11/10/94 




CA-A- 


2109114 


25/09/93 




EP-A- 


0586681 


io/iJo/y4 




FI-D- 


935194 


nn/nfl/nn 




JP-T- 


6508492 






NZ-A- 


251478 






SE-D- 


9200915 


00/00/00 




US-A- 


5487174 


23/01/96 


W0-A1- 9502950 


26/01/95 


AU-A- 


7126594 


13/02/95 




CN-A- 


1127057 


17/07/96 




EP-A- 


0709016 


01/05/96 




FI-A- 


933209 


15/01/95 




NO-A- 


960154 


12/01/96 



W0-A1- 8804498 



16/06/88 



AU-B- 

AU-B- 

AU-A- 

AU-A- 

DE-A.T- 

EP-A.B- 

SE-T3- 

HK-A- 

JP-T- 

US-A- 



608267 
643529 
7920991 
8277187 
3784942 
0334867 
0334867 
130096 
2501521 
5289459 



28/03/91 
18/11/93 
03/10/91 
30/06/88 
22/04/93 
04/10/89 

26/07/96 
24/05/90 
22/02/94 



Form PCT/ISA/210 (patent family annex) (July 1992) 



BNSDOCID:<WO 87O7S0OA1 I > 



J. 



